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______________________________________________________________ 
ABSTRACT 
Medieval and Renaissance waste shafts (butti) offer a unique opportunity to study objects of 
common use in the past, the majority of findings that emerge from the excavation of these pits are 
pottery found in fragmentary condition, sherds that provide essential information on the 
historical periods to which the butto belongs. 
In the present work Micro-Raman analysis was conducted on a representative group of samples 
dated back from XIV to XVIII century, coming from the waste shaft pertained to the Monk’s 
Palace sited in Leprignano, the current Capena in the province of Rome. The aim of the study was 
to characterize the composition of coloured glazes pertaining to majolica sherds, through a 
technique that has proved to be invaluable for this purpose, according to the amount of published 
data in recent years. 
Differences in terms of structure and constituents of the decorative layers have been observed. 
Yellow pigments can be ascribed to the family of lead pyroantimonates, in both binary and ternary 
form, brown and green glazes are constituted by ions dissolved in the glass matrix, while in blue 
glazes cobalt olivines have been clearly identified for some samples. Polymerization index 
calculated on vitreous layers shows the presence of a lead-based glaze that is commonly found in 
majolica referable to the same age and provenance. 
The results obtained are in a good agreement with Piccolpasso’s treatise, “The Three Books of 
Potter's Art”, except for a sherd pertaining to a later Ligurian production. 
  
______________________________________________________________ 
 
1. INTRODUCTION  
The ancient settlement of Leprignano, the current 
town of Capena, was one of the first domains in the 
province of Rome under the jurisdiction of 
Benedictine Abbey of Saint Paul outside the Walls. It 
was mentioned for the first time as Castrum 
Lepronianum in the papal bull of Gregorius VII in 
1074 and belonged to the so-called Dioecesis Nullius, 
together with the nearby villages of Nazzano and 
Civitella San Paolo [1]. 
The original nucleus of the ancient village of 
Leprignano is constituted by the Monks' Palace: 
placed on a tuff spur, to be naturally protected from 
enemies, it can be considered an example of the 
process of fortification of the area carried out by the 
monks during the XI-XII centuries [2]. 
A Medieval and Renaissance waste shaft (butto) 
pertaining to the palace was excavated in the 80's on 
its west side, revealing a great variety of materials, 
ranging from pottery to glass and metals, which date 
back from the XII to the XX century. The excavation 
of this ancient rubbish dump allowed to shed light on 
the everyday life of the village and to reinstate 
importance to the objects found, that were trashed 
once, but now have gained a new function of 
document. These finds are currently conserved in the 
Clock's Tower, the civic museum of Capena, and have 
never been studied so far. 
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In the present work fragments of majolica pertaining 
to the waste materials of the palace were analyzed by 
means of micro-Raman in order to characterize the 
composition of the coloured glazes. 
Micro-Raman spectroscopy has been already 
successfully employed in the study of the majolica’s' 
glazes [3-5]. The firing process of these materials 
gives rise to different structures of the coatings, which 
depends on their composition and that can be 
revealed by different Raman features, as described by 
P. Colomban et alii [6]. 
The results of the analysis have been interpreted on 
the basis of the information reported in the treatise 
‘‘The Three Books of the Potter’s Art’’, written by 
Cipriano Piccolpasso in 1548, which provides the 
recipes for the production of pigments employed in 
the ceramic art. 
2. MATERIALS AND METHODS 
2.1 Samples 
A selection of 11 fragments of majolica coming from 
the butto of the Monks' Palace have been analyzed 
(fig. 1). The list of the samples, showed in table 1, 
provides a brief description of the sherds. They are 
dated from the XIV to the XVIII century, including 
mainly fragments of Archaic and Renaissance 
majolica coming from Latium area and Rome, but 
also imported materials related to different 
production centres. 
 
 
Table 1. Description of the samples. 
 
 
 
2.2. Experimental methods 
Small fragments of the samples have been embedded 
in epoxy resin and examined with the aid of a 
polarizing microscope in thin and cross section, in 
order to have a more precise visualization of the 
different coloured layers. 
Micro-Raman analysis has been carried out on cross-
sections with the aid of a Senterra Raman microscope 
(Bruker), having a spectral resolution of 3-5 cm-1, 
equipped with 2 laser sources (785 and 532 nm) and 
objectives 20× and 50×. Laser power was set on 10-
25 mW, with an integration time ranging between 2 
and 10 seconds. 
The resulting spectra, not normalized and here shown 
without baseline subtraction, were elaborated with 
the aid of Opus software and Fityk 0.9.8  [7] for the 
fitting operations. 
Figure 1: the pottery sherds under analysis. 
3. RESULTS AND DISCUSSION 
3.1 Microscopic observations 
The investigation on cross and thin sections allows to 
highlight differences in terms of aspect and structure 
of the glazes. 
Our considerations are here limited only to decorative 
layers. Concerning the pigments, it is possible to 
distinguish two different situations: in the first case, 
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i.e. on yellow and orange hues, the coloured layer is 
sharp and well noticeable on the surface of the glaze 
thickness, while on green, blue and brown areas, the 
glaze layer appears as a vitreous matrix 
homogeneously coloured, as shown in figure 2. 
Figure 2: Thin sections of orange decoration on C2 (top) cross 
polarized light, 100×, and green decoration in C9 (bottom), plane 
polarized light, 100×, respectively. 
Sample C2 shows a well definite, coloured layer surmounted by a 
transparent coperta, angular-shaped quartz grains are dispersed in 
the glaze matrix, while in sample C9 the glaze is homogeneously 
coloured. 
 
The glaze layers are well defined and no interaction 
areas with the body have been observed, allowing to 
hypothesize a two-step firing process of the objects, 
where the glaze was applied on the fired biscuit. 
Furthermore, thin sections in samples C1, C2 and C7 
show the presence of a transparent coperta, as 
reported in table 2 where the thickness of the glazes 
is also specified. 
Finally, sand residues, mainly composed of quartz, 
have been detected in the glazes. The amount and 
shape of the grains in samples C1, C2 and C4 could 
suggest an intentional addition of sand to the glazing 
mixture, as also hypothesized by Tite [8] and 
Antonelli et alii [9]. For the other samples, instead, it 
is possible to suppose that the few residues present in 
the glazes could be connected to not melted grains 
pertaining to the marzacotto, which was produced, as 
described by Piccolpasso, by firing a mixture of sand 
and wine lees. 
 
Sample Dating 
Thickness 
(µm) 
Coperta 
Sand 
residues 
C 1 XVI 170 x +++ 
C 2 XVI 350 x +++ 
C 3 XVII 550  ++ 
C 4 XVII-XVIII 140  +++ 
C 5 XVI-XVII 280  ± 
C 6 XVI-XVII 170  ++ 
C 7 XVI 250 x + 
C 8 XIV-XV 240  ± 
C 9 XV 400  ± 
C 10 XVI-XVII 190  ++ 
C 11 XV 380  + 
 
Table 2. Thickness of glazes and particular features.  
+++ very abundant, ++ abundant, + present, ± rare 
 
3.2. Micro-Raman analysis 
Raman spectra of yellow and orange layers show the 
features of compounds containing antimony: the 
pigments can be ascribed to the group of lead 
antimonates, in agreement with the recipes reported 
by Piccolpasso. 
The analysis of the spectra recorded for the yellow 
decorations allowed us to investigate the structure of 
lead pyroantimonate compounds and its 
modifications. As reported in literature, lead 
antimonate, or Naples yellow, a Pb-Sb oxide, is 
characterized by a cubic pyrochlore structure that can 
be modified by the introduction of a third cation, 
typically Sn or Zn [10].  
The comparison with the natural analogous of Naples 
yellow, whose name is bindheimite, leads to the 
identification of the presence of an unmodified 
pyrochlore structure in the yellow layer pertaining to 
sample C11 (fig. 3). This spectrum shows the presence 
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of three characteristic bands at 511, 303 and 125 cm-1, 
the latter related to the Pb-O lattice mode. 
 
Figure 3: Spectra collected on C11 (b) compared with bindheimite 
(a). Reference spectrum from RRUFF project, n. R050546. 
Measurement conditions: 785 nm, 25 mW, integration time 3 s, 50 
coadditions. 
The yellow pigments used in ceramic objects and, in 
particular, the modification of the lead 
pyroantimonate structure reflected by changes in its 
Raman spectrum, have been investigated and 
discussed in previous literature [10-14]. In particular, 
Rosi et alii [10] in a first paper describe a strong 
change in intensity of the band at 510 cm-1 
corresponding to the symmetric stretching of the Sb-
O octhaedra, and a shift towards higher wavenumbers 
of the Pb-O lattice mode signal, the shift 
corresponding to a structure modified by Sn as a third 
cation showing a doublet at 125 and 142 cm1. 
Moreover at low wavenumbers they report changes in 
the intensity of the band at around 330 cm-1 assigned 
to vibrational modes of Pb-O and Sb-O bonds, the 
major increase of this signal attributed to the 
introduction of Zn as a third cation. The same authors 
[14] noted in 2011 that the shifting of the bands 
pertaining to Pb-O lattice stretching (120-145 cm-1) 
cannot be considered a reliable parameter to obtain 
information on the pyrochlore structure, their 
position depending also on the firing temperature 
and on the Pb:Sb ratio. 
 
 
Figure 5: Raman spectrum of the yellow layer in C4 (a) and C10 (b): 
partially modified structures. Measurement conditions: (a) = 785 
nm, 10 mW, integration time 3 s, 30 coadditions, (b) = 785 nm, 25 
mW, integration time 6 s, 5 coadditions. 
 
In our case, in samples C1, C2, C6, C7 it has been 
possible to point out the presence of some signals that 
can be connected to a modified structure, although 
other techniques are requested to definitively identify 
the third cation involved. In the spectra acquired 
from the yellow and orange areas of those samples, 
the band around 510 cm-1 strongly decreases in 
intensity and becomes comparable, or slightly 
smaller, to the band around 300 cm-1 (see figure 4 for 
spectra pertaining to yellow areas on samples C1, C2 
and C7). Furthermore, the band around 330-335 cm-
1 becomes well defined in comparison to the 
unmodified structure and it is noticed the appearance 
of a weak band around 450 cm-1. 
Spectra collected from samples C4 and C10 reflect a 
partially modified pyrochlore structure, showing 
mainly features of a bindheimite-like structure where 
the band at around 510 cm-1 only partially decreases 
 
Figure 4: Raman spectra of yellow layers of C1 (a), C2 (b) and C7 
(c), showing the band around 510 cm-1 decreased in intensity. 
Measurement conditions: (a) = 532 nm, 20 mW, integration time 
3 s, 30 coadditions, (b) = 785 nm, 25 mW, integration time 2 s, 5 
coadditions, (c) = 532 nm, 20 mW, integration time 3 s, 30 
coadditions.  
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in intensity and the Pb-O vibrational mode at 330 cm-
1 is not as intense as in a ternary compound (fig. 5). 
Dark particles mixed with the orange pigment, which 
turned out to be hematite (fig. 6), were observed only 
in the orange layer from sample C2, suggesting the 
addition to the antimonate of this compound to 
obtain the desired colour. The addition of iron oxide 
to the yellow antimonate is reported also by 
Piccolpasso, who describes the use of Ferraccia (rust) 
together with lead and antimony to produce the 
colour called Zallo. 
 
Figure 6: Raman spectra of hematite particles in sample C2 orange 
area (b) in comparison with hematite standard from RRUFF 
project n. R050300 (a). Measurement conditions: 785 nm, 25 mW, 
integration time 2 s, 5 coadditions. 
Finally, Raman signals of the yellow and orange 
pigments in sample C6 show almost the same 
features. Anyway it is noticeable a slight increase of 
the band at 267 cm-1 in the spectra collected on the 
yellow area (spectrum (a) shown in figure 7) and a 
more defined band at 300 cm-1 (corresponding to Pb-
O mode) for the orange one (spectrum (b) in figure 7). 
It is possible to hypothesize a very similar recipe for 
the two tonalities, which could possibly show a slight 
difference depending on the firing temperature or the 
Pb:Sb molar ratio [14], as inferable by the little shift 
of the Pb-O lattice mode from 138 cm-1 in the yellow 
decoration to 142 cm-1 in the orange one. 
 
Figure 7: Raman spectra of yellow area (a) and orange area (b) for 
sample C6. Measurement conditions: (a) = 785 nm, 25 mW, 
integration time 4 s, 5 coadditions, (b) = 785 nm, 25 mW, 
integration time 2 s, 5 coadditions. 
 
Raman spectra from brown areas of the glazes in 
samples C4 and C8 gave no relevant signals, allowing 
to hypothesize that those areas were obtained with a 
pigment, likely a manganese oxide, dissolved in the 
glassy phase, as other authors report for similar 
decorations [15]. 
The observation of the blue and green parts in cross-
section shows a coloured glassy matrix without any 
possibility to isolate pigment particles. 
Anyway, in the blue areas of the samples C2, C5 and 
C6, it was possible to detect the presence of a Co-
olivine (CoSiO4), characterized by a strong band at 
824 cm-1 (fig. 8). Cobalt is the most common 
colouring agent used for blue decorations, but 
generally it dissolves in the glassy phase, giving 
significant coloration even in low concentrations, but 
remaining not detectable by Raman analysis.  
The presence of Co-olivine can be ascribed to a super 
saturation phenomena, leading to the precipitation of 
crystalline species [16, 17], but according to Vieira, 
who analyzed ceramic sherds of Portuguese 
production dated back to early XVI and XVII 
centuries [18, 19], this phenomenon occurs when the 
temperature of the kiln is high enough to allow the 
formation of the cobalt silicate. In support of this 
theory, it has been stated by Pishch and Rotman [20] 
through a systematic study on silicate pigments that 
orthorhombic structure of cobalt olivine starts to 
form in the range 1000 – 1100 °C. 
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Figure 8: Samples C6 (a), C5 (b) and C2 (c) showing Co-Olivine 
features (band at 824 cm-1) in the blue areas analyzed. Signals at 
around 631 and 778 cm-1belong to cassiterite, while signals al 464 
cm-1 are attributable to quartz.  
Measurement conditions:  
(a) = 532 nm, 10 mW, integration time 2 s, 20 coadditions,  
(b) = 532 nm, 20 mW, integration time 2 s, 30 coadditions,  
(c) = 785 nm, 25 mW, integration time 2 s, 5 coadditions. 
 
 
For the blue areas of the remaining samples (C1, C3, 
C7, C10 and C11), signals ascribed to the glassy matrix 
have been registered: in particular, the broad bands 
around 500 and 1000 cm-1 are evident in the Raman 
spectra. 
The bands associated to cassiterite, quartz and 
feldspars are generally present in blue areas, as 
shown in figure 8: cassiterite acts like an opacifying 
agent, while quartz and feldspars constitute 
undissolved phases of the raw materials in the matrix, 
added intentionally or not, as hypothesized observing 
the glazes in thin section. 
The presence of cassiterite has been detected also in 
green layers, where a strong signal related to it is 
particularly noticeable in Raman spectra pertaining 
to Archaic majolica, in C8 and C9 (see figure 9). 
 
 
Figure 9: Raman spectra of green layer on an Archaic majolica 
sherd, sample C9. The signal at 633 cm-1pertains to cassiterite, 
while the broad bands at 462 and 986 cm-1are related to the glassy 
phase. Measurement conditions: 532 nm, 10 mW, integration time 
3 s, 30 coadditions. 
 
The green layers are generally characterized by broad 
bands around 500 and 1000 cm-1 related to the glassy 
matrix. The colouring agent usually employed for this 
kind of tonality was based on copper compounds and 
Piccolpasso refers to this pigment as Ramina: as 
reported by Colomban [21], copper ions dissolve in 
the glassy phase and are not detectable by Raman 
spectroscopy. 
The only exception in green decoration has been 
observed in sample C3, where in cross-section a sharp 
layer is visible over the white enamel: it is composed 
by greenish yellow grains in a bluish matrix, as shown 
in figure 10 (box). The Raman analysis of this green 
layer shows the presence a lead antimonate probably 
mixed with a compound containing cobalt, as 
suggested by the small band around 830 cm-1. 
 
 
Figure 10: Raman results for the green area of sample C3. Inside 
the box, cross section of the green layer analyzed, visible light, 40×. 
Measurement conditions: 532 nm, 20 mW, integration time 2 s, 30 
coadditions. 
 
 
As mentioned, the majority of the spectra recorded 
for green and blue decorations shows the presence of 
two broad bands around 500 and 1000 cm-1, which 
are related to the glassy matrix and correspond to the 
Si-O bending and stretching mode respectively [21]. 
Colomban et alii [22, 23] proposed the use of a 
parameter, the polymerization index (Ip), to study the 
glassy phases: it is calculated as the ratio between the 
area under the band at 500 cm-1 and the area of the 
band at 1000 cm-1. In the present study, we applied 
this calculation to our samples and the resulting 
values are listed in table 3 together with the Si-O 
stretching maximum wavenumber (ν max). This last 
value is linked with the glassy phase connectivity and 
it is influenced by the presence of fluxing agents [24, 
25]. 
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Sample Colour Ip 
ν max Si-O 
stretching 
C 1 blue 0.50 961 
C 2 green 0.40 969 
C 3 blue 0.60 993 
C 4 green 0.37 989 
C 5 blue 0.72 1008 
C 7 blue 0.24 981 
C 8 green 0.44 985 
C 9 green 0.20 986 
C 10 blue 0.61 989 
C 11 blue 0.25 972 
 
Table 3: Ip values and ν max Si-O stretching wavenumbers for 
green and blue areas of samples showing the characteristic bands 
of glass. 
 
Figure 11: ν max Si-O stretching vs Ip values for green and blue 
layers. The samples lay close to the area typical of lead-based 
glazes, as shown through the grey areas on the graph, taken from 
Colomban et alii [22]. 
 
As shown in table 3, the polymerization index varies 
between 0.20 and 0.72: such values are correlated to 
the maximum stretching wavenumber of Si-O in 
figure 11, where they are positioned in an area typical 
for lead-based glazes, as reported in literature. The 
presence of a lead-based glaze is consistent with the 
description given by Piccolpasso in his treatise. 
Furthermore, Colomban et alii [22] describes a 
relationship between the index of polymerization and 
the temperature of firing of the glaze: in particular, 
they estimate a temperature <700°C for Ip<0.3-0.5 
and around 800°C for 0.5<Ip<0.8. 
In our case the presence of the colouring agents, such 
as cobalt, can cause a decrease of the polymerization 
[26], so referring to the values noticed in the present 
work, they could be connected to a slightly higher 
temperature respect to that supposed in literature. 
Furthermore, it is worth noting that polymerization 
degree could be affected also by weathering 
phenomena of the glazes, considering the particular 
conditions which could have taken place in the burial 
environment of the sherds (a waste shaft). 
 
4. CONCLUSIONS 
The micro-Raman analysis of the glazes allowed us to 
acquire information about the raw materials and the 
technology used in the decoration of majolica sherds 
found in the butto of the Monk's palace. 
According to Ip values, it has been possible to ascribe 
all our samples to the lead-based glazes area, as 
shown in figure 11, even taking into account that the 
introduction of colouring agents leads to a decrease in 
these values. 
Sample C5 shows the highest value of polymerization 
index, while the spectra collected on its blue layer 
show the Raman signature of Co-olivine, in 
agreement with the hypothesis of a high temperature 
of the kiln and a quantity of oxides enough to allow 
the formation of the cobalt silicate. We can certainly 
affirm that the majority of the ceramic sherds here 
analyzed have been made following Piccolpasso’s 
recipes, with the exception of sample C3. The blue 
layer of this sherd shows no evident Raman signals, 
being it a glassy matrix in which Co- ions are 
dissolved, and its Ip value indicates the presence of a 
lead based glaze also for this sample. On the other 
hand, the green layer shows a particular composition 
and it was obtained by mixing together a lead 
antimonate based pigment with a cobalt blue, this 
latter in a sufficient amount to lead a precipitation of 
the cobalt silicate, as previously seen. The presence of 
Co-olivine allows to hypothesize a firing temperature 
sufficiently high. 
C3 has been ascribed to the XVIII century Ligurian 
production thanks to its typical decoration with 
"birds and parsley", so it belongs clearly to a different 
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temporal and geographical context respect to the rest 
of the samples here analyzed. 
As a result in our study, we can note as the differences 
in composition of the coloured glazes could reflect in 
some way the belonging of the samples to different 
historical periods. 
Yellow layers in the form of ternary lead antimonates 
are present in sherds dated from XVI century, while 
archaic ceramic fragments show decorations only in 
green and brown colours, colouring agents dispersed 
in a glassy matrix, and a non modified lead-
antimonate yellow appears in a sherd dated back to 
the first period of the Renaissance (second half of XV 
century). Concerning the blue layers, cobalt olivines 
are found in samples pertaining to a later production, 
when a higher temperature was commonly reached 
by the kilns. As shown in cross section, all yellow and 
orange decorations appear in thin layers over the 
glaze, while the colouring agents used to obtain the 
remaining hues diffuse in the vitreous matrix. 
Finally, through the microscopic analysis it has been 
stated that there is no evident interaction between 
glazes and bodies for all the sherds here studied, thus 
leading to the consideration that a two-step firing 
process was a technological choice widely diffused 
even through time, while the intentional addition of 
sand to the glazes, perhaps with the aim of enhance 
the viscosity, seems to be an expedient in use from 
XVI century, as no traces of quartz irregularly shaped 
are noted in the archaic majolica examined.  
Our work represents the first scientific study carried 
on the ceramic materials coming from the waste shaft 
of the Monk’s palace of Capena. Even limiting our 
attention to a restricted group of finds, it has been 
possible to point out the differences between the 
various sherds, as a result of different technology 
choices and materials employed. Those differences 
reflect the large chronological range of the artefacts 
and the wide area of provenance of the majolicas, that 
comprises not only local centres (Latium and Rome) 
but also Florentine and Ligurian ones, this data being 
of a primary importance for the better 
comprehension of the majolica’s network of trade and 
the purchasing capacity of the Monk’s Palace 
inhabitants. 
 
 
ACKNOWLEDGMENTS  
The authors wish to thank the Institution of Civic 
Museum of Capena for the permission to study the 
majolica sherds here presented, and the CISTeC, 
Centro Interdipartimentale di Scienza e Tecnica per 
la Conservazione del Patrimonio Storico-
Architettonico of Sapienza University of Rome for 
their support and for the access to the 
instrumentation. 
REFERENCES 
[1] Baiocchi S., “Dioecesis nullius” dell’Abbazia di S. 
Paolo in Roma, con particolare riferimento a 
Leprignano (Capena). In Capena e il suo territorio, 
Mazzi M. C., Pani, G. G., Edizioni Dedalo, Bari, 1995, 
pp. 117-120. 
[2] Carratoni E., Il Palazzo dei Monaci a Capena. In 
Progetti di restauro architettonico e dei monumenti. 
Ricerca, sperimentazione, didattica, Carunchio, T., 
Roma, 2007, pp. 143-148. 
[3] De Santis A., Mattei E., Montini I., Pelosi C., A 
micro‐Raman and internal microstratigraphic study 
of ceramic sherds from the kilns of the Medici castle 
at Cafaggiolo*. Archaeometry, 2012, 54(1), 114-128. 
DOI: 10.1111/j.1475-4754.2011.00604.x 
[4] Sakellariou K., Miliani C., Morresi A., Ombelli M., 
Spectroscopic investigation of yellow majolica glazes. 
Journal of Raman Spectroscopy, 2004, 35(1), 61-67. 
DOI: 10.1002/jrs.1084 
[5] Sendova M., Zhelyaskov V., Scalera M., Gulliford 
C., Micro‐Raman spectroscopy characterization of 
Della Robbia glazes*. Archaeometry, 2007, 49(4), 
655-664. DOI: 10.1111/j.1475-4754.2007.00326.x 
[6] Colomban, P., Sagon, G., Faurel, X. 
Differentiation of antique ceramics from the Raman 
spectra of their coloured glazes and paintings. 
Journal of Raman Spectroscopy, 2001, 32(5), 351-
360. DOI: 10.1002/jrs.704 
[7] Wojdyr, M.  Fityk: a general-purpose peak fitting 
program. Journal of Applied Crystallography, 2010, 
43(5), 1126-1128. DOI: 
10.1107/S0021889810030499 
[8] Tite, M. S. The production technology of Italian 
maiolica: a reassessment. Journal of Archaeological 
Science, 2009, 36(10), 2065-2080. DOI: 
10.1016/j.jas.2009.07.006 
[9] Antonelli, F., Ermeti, A. L., Lazzarini, L., Verità, 
M., Raffaelli, G. An archaeometric contribution to the 
characterization of Renaissance maiolica from 
Urbino and a comparison with coeval maiolica from 
Pesaro (the Marches, central Italy). Archaeometry, 
2014, 56(5), 784-804. DOI: 10.1111/arcm.12045 
[10] Rosi, F., Manuali, V., Miliani, C., Brunetti, B. G., 
Sgamellotti, A., Grygar, T., Hradil, D. Raman 
scattering features of lead pyroantimonate 
compounds. Part I: XRD and Raman characterization 
of Pb2Sb2O7 doped with tin and zinc. Journal of 
L. Carratoni et al., Micro-Raman investigation of coloured glazes on majolica sherds from the Monk’s Palace waste shaft in Capena (Rome) 
 
 
 
 
J.Appl.Las.Spectrosc. 2 (2015) 21–29 | 29 
 
Raman Spectroscopy, 2009, 40(1), 107-111. DOI: 
10.1002/jrs.2092 
[11] Ferrer, P., Ruiz‐Moreno, S., López‐Gil, A., 
Chillón, M. C., Sandalinas, C. New results in the 
characterization by Raman spectroscopy of yellow 
pigments used in ceramic artworks of the 16th and 
17th centuries. Journal of Raman Spectroscopy, 
2012, 43(11), 1805-1810. DOI: 10.1002/jrs.4160 
[12] Lahlil, S., Cotte, M., Biron, I., Szlachetko, J., 
Menguy, N., Susini, J. Synthesizing lead antimonate 
in ancient and modern opaque glass. Journal of 
Analytical Atomic Spectrometry, 2011, 26(5), 1040-
1050. DOI: 10.1039/C0JA00251H 
[13] Pelosi, C., Agresti, G., Santamaria, U., Mattei, E. 
Artificial yellow pigments: production and 
characterization through spectroscopic methods of 
analysis, in IRUG9, Buenos Aires, 3–6 March 2010, 
e-Preservation Science, 2010, 7, 108–115. 
[14] Rosi, F., Manuali, V., Grygar, T., Bezdicka, P., 
Brunetti, B. G., Sgamellotti, A., Burgio, L., Seccaroni, 
C., Miliani, C. Raman scattering features of lead 
pyroantimonate compounds: implication for the non-
invasive identification of yellow pigments on ancient 
ceramics. Part II. In situ characterisation of 
Renaissance plates by portable micro-Raman and 
XRF studies. Journal of Raman Spectroscopy, 2011, 
42(3), 407-414. DOI: 10.1002/jrs.2699 
[15] Iñañez, J. G., Madrid-Fernández, M., Molera, J., 
Speakman, R. J., Pradell, T. Potters and pigments: 
preliminary technological assessment of pigment 
recipes of American majolica by synchrotron 
radiation micro-X-ray diffraction (Sr-μXRD). 
Journal of Archaeological Science, 2013, 40(2), 
1408-1415. DOI: 10.1016/j.jas.2012.09.015 
[16] Colomban, P., Milande, V., Le Bihan, L. On‐site 
Raman analysis of Iznik pottery glazes and pigments. 
Journal of Raman Spectroscopy, 2004, 35(7), 527-
535. DOI: 10.1002/jrs.1163 
[17] Colomban, P. The Destructive/Non-Destructive 
Identification of Enamelled Pottery, Glass Artifacts 
and Associated Pigments—A Brief Overview. In Arts, 
July 2013, Vol. 2, No. 3, pp. 77-110. 
[18] Vieira Ferreira, L. F., Casimiro, T. M., Colomban, 
P. Portuguese tin-glazed earthenware from the 17th 
century. Part 1: Pigments and glazes characterization. 
Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 2013, 104, 437-444. 
DOI: 10.1016/j.saa.2012.11.069 
[19] Vieira Ferreira, L. F., Ferreira Machado, I., 
Ferraria, A. M., Casimiro, T. M., Colomban, P. 
Portuguese tin-glazed earthenware from the 16th 
century: A spectroscopic characterization of 
pigments, glazes and pastes. Applied Surface Science, 
2013, 285, 144-152. DOI: 
10.1016/j.apsusc.2013.08.016 
[20] Pishch, I. V., Rotman, T. I. Processes in forming 
silicate pigments. Glass and Ceramics, 1989, 46(5), 
207-209. DOI: 10.1007/BF00677037 
[21] Colomban, P. Glasses, glazes and ceramics–
recognition of the ancient technology from the 
Raman spectra. In Raman Spectroscopy in 
Archaeology and Art History, Edwards, H. G., & 
Chalmers, J. M. (Eds.), 2004, pp. 192-206. 
[22] Colomban, P., Tournie, A., Bellot‐Gurlet, L. 
Raman identification of glassy silicates used in 
ceramics, glass and jewellery: a tentative 
differentiation guide. Journal of Raman 
Spectroscopy, 2006, 37(8), 841-852. DOI: 
10.1002/jrs.1515 
[23] Colomban, P. Polymerization degree and Raman 
identification of ancient glasses used for jewelry, 
ceramic enamels and mosaics. Journal of non-
crystalline solids, 2003, 323(1), 180-187. DOI: 
10.1016/S0022-3093(03)00303-X 
[24] Colomban, P., Paulsen, O. Non‐Destructive 
Determination of the Structure and Composition of 
Glazes by Raman Spectroscopy. Journal of the 
American Ceramic Society, 2005, 88(2), 390-395. 
DOI: 10.1111/j.1551-2916.2005.00096.x 
[25] De Ferri, L., Bersani, D., Lorenzi, A., Lottici, P. 
P., Vezzalini, G., Simon, G. Structural and vibrational 
characterization of medieval like glass samples. 
Journal of Non-Crystalline Solids, 2012, 358(4), 
814-819. DOI: 10.1016/j.jnoncrysol.2011.12.071 
[26] Pereira, M., de Lacerda-Aroso, T., Gomes, M. J. 
M., Mata, A., Alves, L. C., Colomban, P. Ancient 
Portuguese ceramic wall tiles (“azulejos”): 
characterization of the glaze and ceramic pigments. 
Journal of Nano Research, 2009, 8, 79-88. DOI: 
10.4028/www.scientific.net/JNanoR.8.79 
 
